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(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the diffusion of the 

atoms, of such as boron, for composing a gate electrode into a j 
gate insulating film when using metal silicate as the gate 
insulating film, and to suppress the increase of the interface 
level of a silicon substrate. 

SOLUTION: A semiconductor device has a field-effect 
transistor where the gate electrode 104 is formed on the silicon 
substrate 101 via the gate insulating film 103. The gate 
insulating film 103 contains metal, silicon, oxygen, and nitrogen. 
The concentration of the nitrogen in the film 103 is maximized 
at the gate electrode interface and is minimized at the 
substrate interface. The concentration of the metal in the gate 
insulating film 103 is minimized at the gate electrode interface 
and is maximized at the substrate interface section. 



104 1 

! 



v ->A - 



'05- 



.7^ 



X 



Hit. 
y - 

S 



\ 



LEGAL STATUS 

[Date of request for examination] 1 7.09.2004 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 



http://www 1 9. ipdl.ncipi.go.jp/PA 1 /result/detail/main/wAAAAUayqYDA4 1 7045 1 66P 1 .htm 4/4/2006 



1 



JP,2005-045166,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the semiconductor device which has the field effect transistor by which the gate electrode was formed 
through gate dielectric film on the semi-conductor substrate, 

It is the semiconductor device which the nitrogen concentration in this film of said gate dielectric film is min 
in max and the interface section with said substrate in the interface section with said gate electrode including 
a metal, silicon, oxygen, and nitrogen, and is characterized by the metal concentration in said gate dielectric 
film being max in the interface section with said gate electrode in min and the interface section with said 
substrate. 
[Claim 2] 

Said semi-conductor substrate is a semiconductor device according to claim 1 characterized by consisting of 
a silicon substrate, an Si layer on a SiGe layer, or an Si layer on an insulator layer. 
[Claim 3] 

The metal concentration in said gate dielectric film is a semiconductor device according to claim 1 or 2 
characterized by increasing from the interface with said gate electrode in monotone toward an interface with 
said substrate. 
[Claim 4] 

The metal concentration in said gate dielectric film is a semiconductor device according to claim 1 or 2 
which is increasing from said gate electrode side to said substrate side in monotone, and is characterized by 
being uniform in both the interface section with said gate electrode, and the interface section with said 
substrate. 
[Claim 5] 

It is a semiconductor device given in any of claims 1 -4 characterized by for this metal concentration being 
15% or less in the interface section with said gate electrode when the metal concentration in said gate 
dielectric film is defined as Metal/(Metal+Si) (however, Metal the presentation ratio of the metal in gate 
dielectric film and Si presentation ratio of the silicon in gate dielectric film), and being 35% or more in the 
interface section with said substrate they are. 
[Claim 6] 

The metal in said gate dielectric film is a semiconductor device given in any of claims 1-5 characterized by 
being a hafnium (Hf), a zirconium (Zr), titanium (Ti), a tantalum (Ta), aluminum (aluminum), an yttrium 
(Y), a lanthanum (La), one element in a cerium (Ce), or two or more elements they are. 
[Claim 7] 

The process which deposits the metal silicate film containing the metal, silicon, and oxygen which metal 
concentration serves as max by the substrate interface side, and serves as min by the upper layer side on a 
semi-conductor substrate, 

The process which introduces nitrogen into the surface section of said metal silicate film, and forms the 
nitriding metal silicate film, 

The process which forms a gate electrode on said nitriding metal silicate film, 

****** ~ the manufacture approach of the semiconductor device characterized by things. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the semiconductor device which used the high dielectric constant ingredient 
especially for gate dielectric film, and its manufacture approach with respect to the semiconductor device 
which has a field effect transistor (MISFET). 
[Background of the Invention] 
[0002] 

Thin film-ization of gate dielectric film is advanced by the demand of improvement in the speed of LSI, and 
high integration in recent years, and it is Si02. By the film, thin film-ization already serves as a limitation 
from viewpoints, such as leakage current control. Then, Si02 As a thin insulator layer with little leakage 
current, conversion thickness is Si02. Using an ingredient with high specific inductive capacity (High-k 
ingredient) is examined. As such a High-k ingredient, it is Si02. Using the so-called metal silicate which 
added the metal atom is examined. 
[0003] 

The serious problem at the time of using metal silicate as gate dielectric film is that the atoms (for example, 
boron of the dopant atom at the time of using a poly-Si electrode etc.) which constitute a gate electrode are 
spread into gate dielectric film. The electrode configuration atom diffused into gate dielectric film generates 
a fixed charge in the film, and causes a flat-band- voltage shift and a mobility fall. It is also known that will 
make interface state density increase when the nitrogen added by one side exists near the interface with a 
silicon substrate, and this will bring about the fall of mobility although it is known that diffusion of this 
electrode configuration atom will be controlled by adding nitrogen to metal silicate. 
[0004] 

therefore, diffusion of the electrode configuration atom to the inside of gate dielectric film — controlling — 
in addition — and in order to keep the property of a substrate interface good, it is desirable to add nitrogen 
only near an electrode interface at high concentration. However, diffusion of the nitrogen atom in the inside 
of metal silicate is very difficult for maintaining this stably especially, even if it can introduce nitrogen into 
gate dielectric film so that only a gate electrode side may have temporarily the distribution toward which 
concentration inclined greatly, since it is quick. 
[Patent reference 1] JP,2001-332547,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0005] 

Thus, when metal silicate was conventionally used as gate dielectric film of MISFET, in order to control 
diffusion into the gate dielectric film of atoms, such as boron which constitutes a gate electrode, nitrogen 
needed to be introduced into gate dielectric film, but when nitrogen was introduced into gate dielectric film, 
there was a problem which is made to increase the interface state density of a silicon substrate, and causes 
the fall of mobility. 
[0006] 

This invention was accomplished in consideration of the above-mentioned situation, and the place made into 
the purpose can control diffusion into the gate dielectric film of atoms, such as boron which constitutes a 
gate electrode, in the configuration which used metal silicate as gate dielectric film, and the increment in the 
interface state density of a silicon substrate can be controlled, and it is in offering the semiconductor device 
which can be contributed to improvement in the speed and high integration of LSI. 
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[Means for Solving the Problem] 
[0007] ' 

The following configurations are used for this invention in order to solve the above-mentioned technical 

problem. 

[0008] 

Namely, this invention is a semiconductor device which has the field effect transistor by which the gate 
electrode was formed through gate dielectric film on the semi-conductor substrate. Said gate dielectric film 
contains a metal, silicon, oxygen, and nitrogen. The nitrogen concentration in this film in the interface 
section with said gate electrode Max, And it is min in the interface section with said substrate, and metal 
concentration in said gate dielectric film is characterized by being max by min and the interface section with 
said substrate in the interface section with said gate electrode. 
[0009] 

Here, the interface section with the gate electrode of gate dielectric film means the field including not only a 
gate electrode interface but a gate electrode interface, and its near. Similarly, the substrate interface section 
means the field including not only a substrate interface but a substrate interface, and its near. That is, the 
interface section means near an interface. 
[0010] 

Moreover, the following are raised as a desirable embodiment of this invention. 
[0011] 

(1) A semi-conductor substrate should be a silicon substrate. 
[0012] 

(2) A semi-conductor substrate should be Si layer on a SiGe layer. Furthermore, as for a SiGe layer, grid 
distortion should be eased, and Si layer should have grid distortion (hauling distortion). 

[0013] 

(3) A semi-conductor substrate should consist of an Si layer (SOI) on an insulator layer. 
[0014] 

(4) The metal concentration in gate dielectric film should increase from a gate electrode interface in 
monotone toward a substrate interface. 

[0015] 

(5) The metal concentration in gate dielectric film should increase from a gate electrode interface stair-like 
toward a substrate interface. 

[0016] 

(6) The metal concentration in gate dielectric film is increasing from the gate electrode side to the substrate 
side in monotone, and be uniform in both the gate electrode interface section and the substrate interface 
section. 

[0017] 

(7) When you define the metal concentration in gate dielectric film as Metal/(Metal+Si) (however, Metal the 
presentation ratio of the metal in gate dielectric film and Si presentation ratio of silicon), this metal 
concentration is 15% or less in the gate electrode interface section, and be 35% or more in the substrate 
interface section. 

[0018] 

(8) The metal in gate dielectric film should be a hafnium (Hf), a zirconium (Zr), titanium (Ti), a tantalum 
(Ta), aluminum (aluminum), an yttrium (Y), a lanthanum (La), one element in a cerium (Ce), or two or more 
elements. 

[0019] 

Moreover, this invention is characterized by to include the process which deposits the metal silicate film 
which is the manufacture approach of a semiconductor device of having a field effect transistor, and 
contains the metal, the silicon, and the oxygen which metal concentration serves as max by the substrate 
interface side, and serves as min by the upper layer side on a silicon substrate, the process which introduce 
nitrogen into the front face of said metal silicate film, and form the nitriding metal silicate film in it, and the 
process which form a gate electrode on said nitriding metal silicate film. 
[Effect of the Invention] 
[0020] 

According to this invention, since nitrogen concentration in gate dielectric film is made into min in max and 
the substrate interface section by the gate electrode interface section, nitrogen concentration in gate 
dielectric film is made sufficiently high in the gate electrode interface section, diffusion into the gate 
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dielectric film of a gate electrode configuration atom can be controlled, nitrogen concentration in gate 
dielectric film can be made sufficiently low in the substrate interface section, and the increment in the 
interface state density of a silicon substrate can be controlled. In addition, since metal concentration in gate 
dielectric film is made into max in min and the substrate interface section by the gate electrode interface 
section, in the field where nitrogen concentration is high, metal concentration becomes low and, thereby, 
can control diffusion of nitrogen. 
[0021] 

Therefore, diffusion into the gate dielectric film of the atom which constitutes a gate electrode can be 
controlled, and the property of an interface with a silicon substrate can obtain a good nitriding metal silicate 
insulator layer. It becomes possible to raise the engine performance of MISFET by this, and can contribute 
to improvement in the speed of LSI, and high integration. 
[Best Mode of Carrying Out the Invention] 
[0022] 

About concentration distribution in the film of the nitrogen atom in nitriding metal silicate, and a metal 
atom, nitrogen concentration is min max and near a substrate interface near an electrode interface, and, as 
for the semiconductor device proposed by this invention, metal concentration is characterized by being max 
min and near a substrate interface near an electrode interface at it and coincidence. 
[0023] 

Near [ above ] the electrode interface has pointed out the field of finite including the true interface of a gate 
electrode and gate dielectric film, and this is the same also about near a substrate interface. So, below, some 
concrete examples of concentration distribution in the gate dielectric film of a metal atom and a nitrogen 
atom are shown. Drawing 1 (a) - (c) is the conceptual diagram showing the concentration distribution of the 
direction of thickness of a metal atom and a nitrogen atom in the gate dielectric film of this invention. In 
addition, in 101 in drawing, a silicon substrate and 103 show the nitriding metal silicate as gate dielectric 
film, and 1 04 shows the Pori Si film as a gate electrode. 
[0024] 

As shown in drawing 1 (a), the concentration of the metal atom in the field which the field where the 
concentration of a metal atom is high is near the substrate interface, and the field where the concentration of 
a metal atom is low exists near the gate electrode interface, and is inserted into them is the in-between 
concentration near both the interfaces. That is, in the field across which it faces near a substrate interface 
and near an electrode interface, the concentration of a metal atom is increasing from the electrode side 
gradually toward a substrate side on the fixed inclination. On the other hand, the concentration of a nitrogen 
atom is max in a gate electrode interface, and is min in a substrate interface, and the concentration of a 
nitrogen atom is decreasing gradually toward a substrate side on the fixed inclination from the electrode 
side. 
[0025] 

Drawing 1 (b) is the case where metal concentration increases from a gate electrode interface in monotone 
toward a substrate interface. As shown in drawing 1 (b), in the film, the inclination of the direction of 
thickness of metal concentration does not necessarily need to be uniform, and may be changing on the way. 
[0026] 

Gate dielectric film is divided into two fields, a gate electrode interface side and a substrate interface side, 
about the concentration of a metal atom, and drawing 1 (c) is a case with uniform metal concentration in 
each field. Also in this case, the metal concentration in gate dielectric film is high by the substrate side low 
by the gate electrode side. Moreover, such concentration distribution is acquired by forming gate dielectric 
film in two-layer. Furthermore, it is good by carrying out the laminating of many layers also as a 
configuration from which the metal presentation in gate dielectric film changes stair-like. 
[0027] 

These drawing 1 (a) If it is min near the substrate interface which means the field of the finite which the 
concentration of a metal atom serves as max near the electrode interface which does not need to be max or 
min in a true interface, and means the field of finite including a gate electrode interface, and includes a 
substrate interface as - (c) showed, all are contained in the range of this invention. This is the same also 
about concentration distribution of a nitrogen atom. Even if it is the case where the concentration of a metal 
or nitrogen serves as max or min inside more slightly than an interface, more specifically, it is contained in 
the range of this invention. 
[0028] 

By making it the above-mentioned structure, the nitrogen partition toward which concentration inclined 
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greatly is maintained stably, diffusion into the gate dielectric film of a gate electrode configuration atom is 
controlled, and only a gate electrode side can realize the nitriding metal silicate film with the good property 
of a semi-conductor substrate interface. 
[0029] 

The reason is explained below. A part with higher metal concentration has [ the nitrogen atom in the gate 
dielectric film which consists of nitriding metal silicate ] weaker association with a surrounding atom, and 
association is as strong as a part with metal concentration low on the other hand. Therefore, when the 
external factor urged to reconstruction of film Nakahara children, such as heat, is added and concentration 
distribution of the metal atom in the film has the above-mentioned profile, it is remarkable, and dissipation 
to the exterior of the nitrogen atom like near [ where metal concentration is high ] a substrate interface is 
stabilized as near [ where metal concentration is low ] a gate electrode interface, and is maintained as it is. 
Therefore, steep distribution of the nitrogen atom with which the concentration of the nitrogen atom in gate 
dielectric film had the inclination for concentration to become high spontaneously, inclined toward the gate 
electrode side by surface nitriding, and the gate electrode side was introduced is maintained stably. 
[0030] 

Next, it inquires, referring to drawing 2 and drawing 3 about the concentration of a desirable metal atom 
near a gate electrode and near a substrate. The nitriding hafnium silicate with which hafnium concentration 
Hf/(Hf+Si) differs (15% and 35%) was formed. Nitrogen concentration is 40at(s).% and all of a presentation 
are uniform in the film. The MIS sample of the silicon substrate / nitriding hafnium silicate / poly-Si which 
makes these film an insulator layer was produced. 
[0031] 

After adding heat treatment (inside of 1000 degrees C, 30 seconds, and nitrogen-gas-atmosphere mind) to 
this MIS sample, nitrogen concentration distribution of the direction of thickness was measured by HR-RBS 
(High Resolution Rutherford Backscattering Spectroscopy) analysis. The result is drawing 2 . The sample 
whose hafnium concentration is 35% has the intentionally low nitrogen concentration in the film compared 
with 1 5% of sample so that drawing 2 may show. By heat treatment, only the high sample of the hafnium 
concentration among both the samples whose nitrogen concentration was the same at the time of membrane 
formation dissipates in the insulator layer exterior, and, as for this, a nitrogen atom is considered that the 
nitrogen concentration in the film finally fell for it. Concentration distribution of the depth direction can be 
known in above-mentioned HR-RBS. A component analysis is possible, using RBS and XPS (X-ray 
Photoelectron Spectroscopy) with a thin film like gate dielectric film. 
[0032] 

That is, association with a nitrogen atom and a surrounding atom is so weak that hafnium concentration is 
high, and it is because association is cut easily and it is emitted to the insulator layer exterior by the external 
factor to which reconstruction of atoms, such as heat, is urged. If typically expressed about the hafnium 
concentration dependency of the stability in the inside of the film of this nitrogen, it will become like 
drawing 3 R> 3. According to drawing 3 , it is an upper limit with desirable in order to maintain the nitrogen 
atom in the film on that occasion stably making hafiiium concentration Hf7(Hf+Si) 15% or less, and this 
concentration desirable as concentration near an electrode interface. Moreover, it is a minimum with 
desirable in order to make the nitrogen atom in the film dissipate to the exterior making hafnium 
concentration Hf/(Hf+Si) 35% or more, and this concentration desirable as concentration near a substrate 
interface. 
[0033] 

In order to maintain stably the steep nitrogen concentration distribution in gate dielectric film as a result of 
the above examination, metal concentration Metal/in the nitriding metal silicate film (Metal+Si) will be 
concluded if it is important that consider near an electrode and it considers as 35% or more near a substrate 
15% or less. 
[0034] 

Hereafter, the more concrete operation gestalt of this invention is explained to a detail, referring to a 

drawing. 

[0035] 

Drawing 4 is drawing having shown the cross-section configuration of MISFET concerning the operation 
gestalt of this invention. This MISFET possesses the gate electrode 104 which consists of polish recon into 
which n mold impurity formed on the p-type silicon substrate 101, the gate dielectric film 103 which 
consists of nitriding metal silicate formed on this silicon substrate 101 , and this gate dielectric film 103 was 
introduced. Moreover, the source drain field 105 where n mold impurity was introduced and which is a 

http ://www4 . ipdl . ncipi . go .j p/cgi-bin/tran_web_cgi_ej j e 4/4/2006 



I 



JP,2005-045166,A [DETAILED DESCRIPTION] 



Page 5 of 7 



diffusion layer is formed in the location which sandwiches the gate electrode 104 in a silicon substrate 101 . 
The gate side attachment wall 1 06 which consists of a silicon nitride is formed in the side attachment wall of 
the gate electrode 104. 107 is an interlayer insulation film which consists of silicon oxide. The aluminum 
wiring 108 is connected to the gate electrode 104 and the source drain field 105 through the contact hole 
prepared in the interlayer insulation film 107. Moreover, two or more MISFET(s) are formed on a substrate 
101, and each MISFET is separated by the component isolation region 102. 
[0036] 

Next, n-MISFET which uses the nitriding hafnium silicate film as gate dielectric film 103 is explained as an 

example about the concrete formation approach. 

[0037] 

First, as shown in drawing 5 (a), the slot for isolation is formed by reactive ion etching on the p-type silicon 
substrate 101 of field bearing (100), specific resistance 4 - 6-ohmcm. Then, the component isolation region 
102 is formed by embedding the LP-TEOS film, for example. Then, gate dielectric film 103 is formed. 
[0038] 

When forming gate dielectric film 103 by the chemical-vapor-deposition method (CVD method), oxygen is 
supplied in a fission reactor, the raw-material gas of a hafnium system, for example, C16H40N4Hf, and the 
raw-material gas of a silicon system, for example, C8H24N4Si, and the HAFUNIUMUSHIRI-Kate film is 
formed. At this time, in the side near the silicon substrate of gate dielectric film 103, a hafnium content 
increases according to making it change so that the flow rate of oxygen may become high with time amount, 
and it decreases in a front-face side. Moreover, membrane formation temperature can also adjust a hafnium 
content. That is, since a hafnium content can be lessened by the front-face side by reducing membrane 
formation temperature from 650 degrees C to 400 degrees C with time amount, this approach may be used 
instead of adjusting oxygen flow rate. 
[0039] 

Membrane formation of the above-mentioned hafnium silicate film may be performed by the atomic layer 
depositing method (the ALD method). In this case, hafnium system raw-material gas, silicon system raw- 
material gas, and oxygen are supplied by turns, as shown in drawing 6 . That is, the supply time amount per 
time of hafnium system gas and silicon system gas is in the condition held to Regularity Thf and Tsi, 
respectively, and the supply time amount per time of oxygen is T1<T2<T3<T four. It is made to change so 
that it may lengthen one by one. In the side near the silicon substrate of gate dielectric film 103, a hafnium 
content increases by this, and it decreases in a front-face side. 
[0040] 

Moreover, membrane formation of the hafnium silicate film may be performed by the spatter forming- 
membranes method. For example, in an argon and oxygen mixed gas, a hafnium target and a silicon target 
are used for coincidence, and spatter membrane formation is carried out. It is made to change at this time, so 
that the ratio of the output of a hafnium target to the output of a silicon target may make it small with time 
amount. In the side near the silicon substrate of gate dielectric film 103, a hafnium content increases by this, 
and it decreases in a front-face side. 
[0041] 

Next, as shown in drawing 5 (b), it nitrides near the front face of the hafnium silicate film 103. For example, 
NO gas or NH3 It can nitride near the front face of gate dielectric film 1 03 by heating in a gas ambient 
atmosphere. Moreover, a nitrogen atom may be introduced only into a front face using a nitrogen ion 
implantation, and a nitrogen atom may be stabilized by rapid heating (RTA). Moreover, nitrogen may be 
introduced near the front face by the technique of irradiating excitation (radical) nitrogen. It is effective 
especially when the high-concentration nitriding only near the front face of this approach is desirable. 
[0042] 

Next, as shown in drawing 5 (c), by the chemical-vapor-deposition method, the polish recon film is 
deposited on the whole surface, patterning of this polish recon film is carried out, and the gate electrode 104 
is formed. Then, SiH4 diluted with nitrogen gas in 450 degrees C and the pressure of l-104Pa Gas and NH3 
The 5-200nm silicon nitride 1 06 is deposited using the mixed gas of gas. 
[0043] 

Future processes are the same as that of the production process of the usual MISFET. Specifically, it is 3 
acceleration voltage 20keV and the dose of 1x1015cm. The ion implantation of arsenic is performed and the 
source drain field 105 is formed. Then, by the chemical-vapor-deposition method, the silicon oxide 107 used 
as an interlayer insulation film is deposited on the whole surface, and opening of the contact hole is carried 
out to this interlayer insulation film 107. Then, the aluminum film is deposited on the whole surface by the 
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spatter, and wiring 108 is formed by carrying out patterning of this by reactive ion etching. MISFET shown 

in said drawing 4 R> 4 can be formed through such a process. 

[0044] 

In MISFET formed in this way, since nitrogen concentration in gate dielectric film 1 03 is made sufficiently 
high in the gate electrode interface section, diffusion into the gate dielectric film 1 03 of the configuration 
atom of the gate electrode 104 can be controlled. Furthermore, since nitrogen concentration in gate dielectric 
film 1 03 is made sufficiently low in the substrate interface section, the increment in the interface state 
density of a silicon substrate 101 can be controlled. 
[0045] 

And since metal concentration is made sufficiently low in the gate electrode interface section with high 
nitrogen concentration, diffusion of the nitrogen in the gate electrode interface section can be controlled. 
Furthermore, since nitrogen concentration makes metal concentration sufficiently high in the low substrate 
interface section, dissipation to the exterior of the nitrogen in the substrate interface section can be 
promoted. For this reason, a condition highly low at a substrate side will be held by the gate electrode 
interface side as nitrogen concentration in gate dielectric film 1 03 at stability. 
[0046] 

Therefore, also in final product level, diffusion into the gate dielectric film 103 of the atom which 
constitutes the gate electrode 104 can be controlled, and the property of an interface with a silicon substrate 
101 can obtain a good nitriding metal silicate insulator layer. It becomes possible to raise the engine 
performance of MISFET by this, and can contribute to improvement in the speed of LSI, and high 
integration. 
[0047] 

In addition, this invention is not limited to the operation gestalt mentioned above. With an operation gestalt, 
although the silicon substrate was used as a substrate, the Si/SiGe substrate in which Si layer was formed on 
the SiGe layer can also instead be used. Here, FET using a distortion Si channel of high mobility is 
producible by having eased grid distortion in the SiGe layer and giving grid distortion (hauling distortion) to 
Si layer. Furthermore, some fields of a silicon substrate are Si02. The replaced substrate of SOI (Silicon On 
Insulator) structure may be used. Moreover, it is also possible to apply to MISFET FET from which the 
configuration of a silicon substrate differs, for example, a Fin mold. 
[0048] 

Moreover, as a gate electrode, germanium or such mixture may be used instead of silicon. Furthermore, 
metal electrodes, such as TiN, TaN, W, Nb, Ru, and Ru oxide, may be used. In addition, in the range which 
does not deviate from the summary of this invention, it can deform variously and can carry out. 
[Brief Description of the Drawings] 
[0049] 

[Drawing 1] The conceptual diagram showing concentration distribution of the nitrogen atom in the gate 
dielectric film of MISFET proposed by this invention and a metal atom. 

[Drawing 2] Drawing showing the result of being before and after heat treatment and having measured 
nitrogen concentration distribution of the direction of thickness in the gate dielectric film which consists of 
nitriding hafnium silicate by HR-RBS. 

[Drawing 3] The conceptual diagram showing the hafnium concentration dependency of the stability of the 
nitrogen in the nitriding hafnium silicate film. 

[Drawing 4] The sectional view showing the outline structure of MISFET concerning the operation gestalt 
of this invention. 

[Drawing 5] The sectional view showing the production process of MISFET of drawing 4 . 

[Drawing 6] Drawing showing the gas supply timing at the time of forming the nitriding hafnium silicate 

film by the ALD method. 

[Description of Notations] 

[0050] 

101 — Silicon substrate 

1 02 — Component isolation region 

1 03 — Gate dielectric film 

1 04 — Gate electrode 

1 05 — Diffusion layer (source drain field) 

1 06 — Silicon nitride 

1 07 — Interlayer insulation film 
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108 -- Wiring 
[Translation done.] 
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